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Abstract: An efficient and highly regio- and stereoselctive Pd-
catalyzed β-arylation method for the formation of β-arylallylic 
alcohols, employing aryl iodides, 1-bromo-2-iodobenzenes and 
2-bromobezaldehydes as coupling partners, is presented. The 
products β-arylallylic alcohol formed in this Pd-catalyzed 
transformation is unexpected under conventional Jeffery’s 
conditions without the assistance of silver salt. It is understood 
that the reaction is substrate controlled and depends on the size 
or nature of the substituent at the ortho-position on the aromatic 
ring of the allylic alcohol part, for selective formation of the 
product. 
Key words: Pd-catalysis; β-Arylation; Mizoroki-Heck; allylic 
alcohols; β-Carbonyls. 
Transition-metal catalysis is a powerful tool that 
permits C-C bond forming reactions quite efficiently. 
In this context, palladium is one of the most used metals 
suitable for oxidations, reductions and many efficient 
cross-coupling reactions. Among these Heck type 
reaction is one of the most useful reactions mediated by 
palladium.1,2 In this context, Heck3 and Chalk4 
independently but simultaneously reported Pd-
catalyzed transformations of allylic alcohols with aryl 
halides coupling partners which resulted in the 
formation of β-arylcarbonyls. Subsequently, Jeffery5 
developed a method based on the catalyst directed 
Heck-type reaction that either leads to formation of β-
aryl (or alkenyl) carbonyls or to selective β-aryl (or 
alkenyl) allylic alcohols. Formation of latter was 
controlled by the use of silver salts (either AgOAc or 
Ag2CO3) as additive to the catalytic system, which was 
crucial for the controlled formation of β-aryl (or 
alkenyl) allylic alcohols, by preventing further double 
bond isomerization. Subsequently, many useful 
applications of Pd-catalyzed coupling of allylic 
alcohols, homoallylic and homologous ene-alcohols 
even with aryl halides, to yield arylcarbonyls and also 
to arylallylic alcohols have been reported in the 
literature.6-12Interestingly, Jeffery’s conditions were 
also amenable to 1-bromo-2-iodobenzenes as coupling 
partners, with the resulting products having 
applications.9 
 
Scheme 1 
Herein we report a concise, practical, and highly regio- 
and stereoselective method for the synthesis of β-
arylallylic alcohols based on a hitherto unexplored, 
substrate controlled intermolecular Pd-mediated β-
arylation coupling using conventional Jeffery’s 
conditions under which normally β-arylcarbonyls are 
formed, without the assistance of silver salt restricted 
double bond isomerization, leading predominately to 
the corresponding β-arylallylic alcohols. 
Table 1. Optimization of reaction conditions towards the synthesis 
of β-arylallylic alcohol 3ab. 
 
Entry[a] Base  
(2 equiv) 
Salt  
(1 equiv) 
Solvent Yield of 
3ab (%)[b] 
1 NaHCO3 Bn(Et)3NCl DMF 67 
2 NaHCO3 TBAI DMF 33 
3 K2CO3 TBAI DMF 51 
4 NaHCO3 TBAI toluene 33 
5 K2CO3 TBABr toluene 50 
6 NaHCO3 Bn(Et)3NCl toluene 55 
7 NaHCO3 TBAI acetonitrile 39 
8 NaHCO3 TBABr acetonitrile 30 
9 Cs2CO3 Bn(Et)3NCl acetonitrile 70 
10 NaHCO3 Bn(Et)3NCl acetonitrile 80 
11 Cs2CO3 TBAI acetonitrile 51 
12 K2CO3 Bn(Et)3NCl acetonitrile 67 
[a] All reactions were carried out with Pd(OAc)2 (5 mol%),    
NaHCO3 (2 equiv), Bn(Et)3NCl (1 equiv) under nitrogen 
atmosphere. 
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[b] Isolated yields of chromatographically pure products; for 
compounds 3 the first letter refers to the allylic alcohol part (1a) 
whereas the second letter indicates the aromatic ring coming from 
the aryl iodide 2b. 
 
In the course of our investigations on Pd-catalysis for 
the synthesis of dihydrochalocones, we envisioned the 
Pd-catalyzed Jeffery’s conditions would be ideally 
suited for the formation of desired dihydrochalcone C 
using allylic alcohol A and arylhalide B as coupling 
partners.  
Table 2. Pd-catalyzed reaction of 1a-c with aryl iodides 2a-d to 
give 3aa-cc. 
 
 
 
[a] Isolated yields of pure chromatographically products; for 
compounds 3 the first letter refers to the allylic alcohol part (1a-1c) 
whereas the second letter indicates the aromatic ring coming from 
the aryl iodides 2a-2d. 
 
Much to our surprise, under Jeffery’s conditions, the 
only product isolated, was the β-arylallylic alcohol D 
(Scheme 1), even though, recently Heck-type bond 
isomerization was reported on substrates without 
ortho-substituents on the aromatic ring of the allylic 
alcohol, by which β-arylcarbonyls were yielded.13 We 
presumed that the substituent present at the ortho-
position to the aromatic ring is crucial to make the 
entire aryl moiety bulky enough to restrict the rotation 
around the C−C bond of the PdCH−CH(OH)Ar 
intermediate, thus suppressing the enol formation, 
which ultimately would lead to the β-arylallylic 
alcohol. To understand well the scope and limitations 
of the method and to explore further whether it is 
specific to our substrate, we attempted to optimize the 
reaction conditions. Thus, the desired allylic alcohols 1 
were easily prepared in excellent yields, from ortho-
substituted-benzaldehydes (see supporting 
information) using vinylmagnesium bromide. 
To further understand the factors that control the 
formation of the β-arylallylic alcohol and to delineate 
the scope of the observed transformation we tried to 
optimize reaction conditions for coupling of various 
substrates. 
With the allylic alcohol 1a in hand, we studied the key 
Pd-mediated coupling with aryl iodide 2b, under 
conventional Jeffery’s conditions [Pd(OAc)2, 
Bn(Et)3NCl, NaHCO3, DMF, 50 °C, 24 h], furnishing 
the β-arylallylic alcohol 3ab, in good yield 67% (entry 
1, Table 1),while reaction with TBAI in place of 
Bn(Et)3NCl,furnished the product with inferior yield 
33% (entry 2, Table 1). Switching the base to K2CO3 in 
presence of TBAI furnished the product 3ab in 
moderate yield 51% (entry 3, Table 1). Changing the 
solvent to toluene and bases to either NaHCO3 or 
K2CO3 furnished the product 3ab in poor to moderate 
yields (entries 4, 5, and 6, Table 1). Change of solvent 
to acetonitrile and use of quaternary ammonium salts 
such as TBAI or TBAB, gave lower yields (entries 7 
and 8, Table 1). The reaction with Cs2CO3/TBAI and 
K2CO3/Bn(Et)3NCl furnished the product 3ab with 
improved yields of 51% and 67%, respectively (entries 
11 and 12, Table 1). The combination of Cs2CO3and 
Bn(Et)3NCl in acetonitrile further improved yield 
(70%) of the product 3ab (entry 9, Table 1). Finally, 
just changing the solvent from DMF to acetonitrile and 
keeping all other parameters constant, was found to be 
the best optimized condition and furnished the product 
3ab with a yield of 80% (entry 10, Table 1). 
Interestingly, when these optimized conditions were 
used in the microwave assisted (closed vessel, power: 
250 W, temperature: 50 °C, time: 90 min.) reaction, the 
olefin 1a was smoothly transformed to same product 
3ab in comparable yields.  
 
 
Table 3. Pd-catalyzed reaction of 1a-c with bromo-iodobenzenes 
2e-f, and 2-bromobenzaldehyde 2g to furnish 3ae-cg. 
 
 
 
[a] Isolated yields of chromatographically pure products; for 
compounds 3 the first letter refers to the allylic alcohol part (1a-1c) 
whereas the second letter indicates the aromatic ring coming from 
the aryl halides 2e-2g. 
 
 
After optimizing the reaction conditions, the generality 
of the reaction was established by Pd-catalyzed 
reaction of allylic alcohols 1a-c with aryl iodides 2a-d 
to give the β-arylallylic alcohols 3aa-3cc, using both 
conventional and microwave conditions, and the results 
are summarised in Table 2. 
 
After successful accomplishment of β-arylallylic 
alcohols 3aa-3cc, we turned our attention to check the 
scope and limitation of the method. Hence, Pd-catalysis 
with 1-bromo-2-iodobenzenes 2e-f on allylic alcohols 
1a-c was also investigated. 
 
In general, the results were quite consistent as to those 
observed in the case of aryl iodides 2a-d, and furnished 
the products 3ae-cf in good yields. The only exception 
was in the case of 2-bromo-1-iodo-4-methoxybenzene 
2f where the product was formed in poor yields (Table 
3). Furthermore, to study the generality of this method, 
the reaction of 1a-c with 2-bromobenzaldehyde 2g as 
coupling partner was also carried out. Gratifyingly, 
under optimized conditions the corresponding products 
3ag-cg were obtained in good yields (Table 3). The 
unusual chemoselectivity in these cases can be 
attributed the electron withdrawing nature of the 
aldehyde moiety of 2-bromobenzaldehyde 2g which 
makes the aromatic ring more reactive towards the Pd-
catalyst, for formation of aryl-palladium inserted 
intermediate. Finally, we studied substrates with ortho-
methyl and ortho-methoxyl groups in place of bromine 
atom on aromatic ring of the allylicalcohol 1. Even in 
these cases the alcohol products 3da-ef were obtained 
as the major products along with the ketones 4da-ff. 
The formation of the ketones 4da-ef is perhaps, due to 
the smaller size of these ortho-substituents when 
compared to that of bromine (Table 4). The high 
selectivity for the formation of allylic alcohols 3 in case 
of ortho-bromosubstituent over methoxy and methyl 
substituents can be renationalized based on bond length 
and polarization effects. Presumably, because of longer 
C-Br bond length (1.94 Å) than C-C (1.54 Å) and C-O 
(1.43 Å) bond lengths, bromine resides little away from 
aromatic ring and closure to Pd-species at C-2, as a 
result might exert more steric hindrance and hence 
restrict the rotation about C1-C2 bond (Scheme 2) or 
due to it’s high electron polarizability and ligation 
ability, can complex with Pd-species at C-2 carbon and 
could restrict the rotation and therefore affords the 
allylic alcohol 3 as a major product.   
 
A possible mechanistic path can be reasoned as shown 
in Scheme 2. It appears that the addition of the initially 
formed aryl palladium species E to the double bond of 
the allylic alcohol A gives both the syn- (F) and anti-
intermediates (G) with respect to the hydroxyl 
function. Even though, syn-β-hydride-PdX elimination 
in the case of intermediate G seems possible, this 
process might be restricted due to the bulky nature of 
the benzylic alcohol part. In addition C1−C2 bond 
rotation could be restricted in the right half of both 
intermediates F and G, respectively.  Now, the possible 
rotation of 120° around C2−C3 bond of the left hand 
part of the intermediates F and G, towards the direction 
of minimal eclipsed interaction leads to the formation 
of intermediates H and I, respectively. Finally, syn-β-
hydride-PdX elimination from both H and I yields the 
same allylic alcohol as product D (ca. Scheme 1) and 
completes the catalytic cycle. 
 
In summary, we have developed a highly regio- and 
stereoselective Pd-catalyzed β-arylation on allylic 
alcohols using aryl iodides, 1-bromo-2-iodobenzenes 
and 2-bromobenzaldehydes as coupling partners. The 
observation was unexpected under conventional 
Jeffery’s conditions without silver salt assistance. The 
method is efficient and functioned smoothly on a 
variety of electron rich and electron deficient aromatic 
systems and lead to the products with dense 
functionality on aromatic rings. Furthermore, this 
method may be useful for the synthesis of different 
flavonoid derivatives. 
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Table 4. Pd-catalyzed reaction of 1d-e with aryl iodides 2a-c, bromo-iodobenzene 2e-f, and 2-bromobenzaldehyde 2g to generate 3da-3ef and 
4da-4ef. 
 
 
 
[a] Isolated yields of chromatographically pure products; for compounds 3 the first letter refers to the allylic alcohol part (1d-1e) whereas the 
second letter indicates the aromatic ring coming from the aryl halides 2a-2g. 
 
 Scheme 2. Plausible mechanistic path, for the formation of β-arylallylicalcohol D. For simplicity, ligands are omitted. 
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